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The ATLAS Collaboration 

A search for a heavy Standard Model Higgs boson decaying via H — )■ ZZ — )■ £'^£~h'iy, where 
£ = e, n, is presented. It is based on proton-proton collision data at ^/s = 7 TeV, collected by 
the ATLAS experiment at the LHC in the first half of 2011 and corresponding to an integrated 
luminosity of 1.04 fb~^. The data are compared to the expected Standard Model backgrounds. The 
data and the background expectations are found to be in agreement and upper limits are placed on 
the Higgs boson production cross section over the entire mass window considered; in particular the 
production of a Standard Model Higgs boson is excluded in the region 340 < mn < 450 GeV at the 
95% confidence level. 

PACS numbers: 14.80.Bn 



The search for the Standard Model (SM) Higgs bo- 
son [iHll is one of the most important aspects of the 
Large Hadron Collider (LHC) physics program. Direct 
searches at the CERN LEP e+e^ collider have set a lower 
limit of 114.4 GeV on the Higgs boson mass, toh, at 95% 
confidence level Searches by the CDF and DO ex- 
periments at the Fermilab Tevatron pp collider have ex- 
plored the mass range up to 200 GeV and exclude the 
additional region 156 < mn < 177 GeV 5]. For toh 
greater than twice the Z boson mass, toz, a significant 
fraction of Higgs bosons decay to two Z bosons. The 
ZZ l^l^vv decay channel offers a substantial branch- 
ing fraction in combination with a good separation from 
potential background processes owing to the high trans- 
verse momentum, of the electron or muon pair from 
the leptonic Z decay and the high missing transverse mo- 
mentum, E'^^^^ , from the Z decaying to neutrinos. 

The first cross section limits for a SM Higgs boson in 
the mass region 200 < toh < 600 GeV were set by the 
ATLAS and CMS collaborations in Refs. [i,[3|. This let- 
ter extends the H — >■ ZZ £~^£~ vv results therein, with 
a 30-fold increase in the integrated luminosity, as well 
as a significant improvement in the event reconstruction 
and background rejection. 

The data sample considered in this search was recorded 
by the ATLAS experiment during the first half of the 
2011 LHC run at a center-of-mass energy -^s — 7 TeV. 
The integrated luminosity of the data sample, consider- 
ing only data-taking periods where all relevant detector 
subsystems were operational, is 1.04 fb~^. 

The ATLAS detector has been described elsewhere [3] . 
Simulated signal and background event samples are pro- 
duced with Monte Carlo (MC) event generators, passed 
through a full GEANT4 [9] simulation of the ATLAS de- 
tector [l3| and reconstructed with the same reconstruc- 
tion software as the data. 

£^£^vv {£ — e,fj,,T) events are mod- 



elled using the POWHEG [ll|, |12[ event generator 



which includes matrix elements for the gluon fusion and 
the vector-boson fusion production mechanisms of the 
Higgs boson up to next-to-leading order. POWHEG is 
interfaced to PYTHIA [13] for the modelling of parton 
showers. The Higgs bos on jd t spectrum is reweighted 
to the calculation of Ref. 1J|, which provides QCD cor- 
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rections up to next-to-leading order and QCD soft-gluon 
rcsummations up to next-to-next-to-leading logarithms. 
An alternative sample of signal events is produced using 
the PYTHIA event generator, which includes only lead- 
ing order matrix elements. In both cases PHOTOS 
is used to model final-state radiation and TAUOLA 
for the simulation of r decays. 

H ^ ZZ ^ £+£-£+£- and H ^ ZZ ^ £+£-qq 
samples are also simulated using the same generators 
as for the H ZZ — > £^£^i^D samples, whilst H 
W^W^ £^v£~D events are produced using the 
MC@NLO generator interfaced to HERWIG [l8| 

and JIMMY [l^ in the gluon fusion channel and the 
SHERPA [20'| generator in the vector-boson fusion chan- 
nel. These channels contribute to the signal yield and 
are considered as part of the signal. In particular, 
H — 7> W'^W~ — >■ £'^v£~v decays contribute as much as 
77% to the signal expectation after the full selection for 
TOH = 200 GeV decreasing to 13% at toh = 300 GeV. In- 
dependence of the analysis with respect to other ATLAS 
Higgs boson searches 21-23] is ensured through mutually 
exclusive selection requirements on the dilepton invariant 
mass, the number of leptons or the event missing trans- 
verse momentum. 

The cross sections for Higgs boson production, the as- 
sociated branching fractions 1241 ■ as well as their uncer- 
tainties, are compiled in Ref. [25|. They correspond to 
next-to-next-to-leading order in QCD for the gluon fu- 
sion |26l43l| and the vector boson fusion |33] processes. 
In addition, QCD soft-gluon rcsummations up to next-to- 
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next-to-leadine logarithms are available for the gluon fu- 



sion process 



33| , while next-to- leading order electroweak 



corrections are applied to both th e g luon fusion [34 l35| 



36l , |37| processes. These 



and the vector boson fusion 
cross section calculations do not account for the width 
of the Higgs boson, which is implemented through an 
ad-hoc Breit-Wigner line shape applied at the event gen- 
erator level. Recent studies [25|, ISSj have indicated that 
effects due to off-shell Higgs boson production and inter- 
ference with other SM processes may become sizeable at 
the highest masses (mn > 400 GeV) considered in this 
search. In the absence of a full calculation, a conserva- 
tive estimate of the possible size of such effects was made 
and the impact on the obtained limits in this channel was 
found to be less than 2% for toh = 400 GeV growing to 
about 25% at ma = 600 GeV. 

Different event generators are chosen to model a range 
of important background processes. The ALPGEN gen- 
erator [3^ interfaced with HERWIG for parton show- 
ers and hadronisation is used to simulate W/Z +iets 
backgrounds. MC@NLO, interfaced to HERWIG and 
JIMMY, is used for the production of top-pair, sin- 
gle top and diboson {WW, WZ and ZZ) backgrounds. 
PYTHIA is used to simulate bb and cc samples as well as 
alternative samples for the Z and ZZ backgrounds. All 
simulated background samples are scaled to the highest 
available precision calculations for the relevant process. 
An overview of the used predictions and their uncertain- 
ties is given in Ref. |4o| . 

Data used for the search in the electron and muon 
channels were collected primarily using single lepton trig- 
gers with pt thresholds of 20 and 18 GeV respectively. 
The expected trigger efficiency is close to 100% in the 
electron channel and about 95% in the muon channel for 
signal events passing all the selection criteria described 
below 

Electron candidates are reconstructed from electro- 
magnetic calorimeter clusters, with shapes consistent 
with those expected from electromagnetic showers, 
matched to tracks reconstructed in the inner detector. 
Details of the electron reconstruction and identification 
can be found in Ref. 4l|. The electron candidates are 
required to pass the standard ATLAS "medium" selec- 
tion criteria and have pt > 20 GeV and pseudorapidity 
I77I < 2.47. 

Muons are identified by reconstructing tracks in the 
muon spectrometer. These tracks are then extrapolated 
back to the beam line to find a matching inner detector 
track. Details of muon reconstruction and identification 
can be found in Ref. [4l| . Only muons with p^ > 20 GeV 
and \r]\ < 2.5 are considered. 

Jets are used in this analysis to reject backgrounds 
from events with heavy quark decays or from events with 
fake E^^^^ due to mis-measured jets. For this purpose 
jets are reconstructed from clusters of energy deposits in 
the calorimeters using the anti-fct algorithm A2\ with a 



radius parameter R = 0.4. Only jets with pT > 25 GeV 
and \r]\ < 2.5 are considered. 

To remove leptons associated with jets, such as those 
originating from semi-leptonic decays of b hadrons, lep- 
tons are not considered in the analysis if the sum of inner 
detector track momenta in a cone AR < 0.2 around the 
lepton direction is greater than 10% of the pt of the lep- 
ton itself or if the lepton is within a distance AR < 0.4 
of the nearest jet. 

The missing transverse momentum is measured as the 
(negative) vectorial sum of the transverse momenta of 
all clusters in the calorimeters within \r]\ < 4.5 and all 
selected muons in the event. Calorimeter deposits associ- 
ated with muons are subtracted to avoid double counting. 

Events are required to contain a reconstructed primary 
vertex formed from at least 3 tracks and exactly two 
oppositely charged electrons or muons, consistent with 
originating from the primary vertex. The dilepton mass 
distribution is shown in Fig. [TJ Inclusive Z boson pro- 
duction is the dominant background at this stage of the 
analysis. To suppress backgrounds from top, W, and 
QCD multijet production, the dilepton invariant mass, 
mil, is required to satisfy \mz — mu\ < 15 GeV. 
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FIG. 1: The dilepton invariant mass distribution for events 
with exactly two oppositely charged electrons or muons. The 
inset at the bottom of the figure shows the ratio between the 
data and the combined background expectations as well as a 
band corresponding to the combined systematic uncertainties 
of the analysis. 

To reduce the background from events with fake E"™'^^ 
due to mis-measured jets, events are rejected if the az- 
imuthal angle between the missing transverse momen- 
tum vector, pr^^^^, and the leading jet in the event sat- 
isfies A(f)(pr^^^^,p!^*') < 0.3. To reduce the background 
from top quark production, events with one or more 6- 
tagged jets are rejected, where the 6-tagging is based on 
a single discriminant combining information from both 
the impact parameter with respect to the primary vertex 
of tracks associated to the jet and the presence of dis- 
placed secondary vertices associated to the jet's tracks. 
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E7==[GeV] A(|)(l,l)[rad] 

FIG. 2: The iJ™'^^ (left) and A(f){l,£) (right) distributions for events with exactly two oppositely charged electrons or muons 
inside the Z mass window. The insets at the bottom show the ratio between data and the combined background expectations 
as well as a band corresponding to the combined systematic uncertainties of the analysis. 



The chosen cut achieves an efficiency of about 70% for 
identifying real &-jets, with a light-quark jet rejection of 
about 80 .43,]. 

To exploit the mass dependent kinematic features of 
H ZZ t^t~vv production, the search is subdi- 
vided into a low Higgs boson mass (toh < 280 GeV) 
and a high Higgs boson mass (tor > 280 GeV) search 
region, where dedicated cuts are applied to two impor- 
tant discriminating variables used to reduce the back- 
ground contributions: E^r^^^^ and the azimuthal angle 
between the two leptons, A(j){£,£). Figure [5] shows the 
distributions of these variables after the application of 
the mu window cut. Since inclusive Z production gives 
rise to a steeply falling E^^^^ distribution, systematic un- 
certainties on the E^^^^ reconstruction are particularly 
important to estimate this background correctly. The 
dominant contributions to the E^^^^ uncertainty come 
from the knowledge of the jet energy scale and the mod- 
elling of inclusive Z production. Figure [5] shows that 
a good agreement within systematic uncertainties is ob- 
served between data and the combined background ex- 
pectation. In the low mu region, events are required to 
satisfy E^^^^ > 66 GeV, whilst in the high toh region 
the requirement is E^^^^ > 82 GeV. These cuts reduce 
significantly the backgrounds from processes with no or 
modest genuine missing transverse momentum originat- 
ing from unobserved neutrinos. 

The boost of the Z bosons originating from a Higgs bo- 
son decay increases with mn, thus reducing the expected 
opening angle between the leptons. In the low mn re- 
gion this boost is expected to be modest and a cut 
1 < A(j){£,£) < 2.64 is applied. In the high mn region an 
upper limit A(p{£,£) < 2.25 is required. 

Finally, in the high mn region, events are also rejected 
if the azimuthal angle between the missing transverse 
momentum vector and the direction of the Z ^ i£ boson 
candidate is A(j){prP'^^^^ , p^) < 1. The efficiency of the 



event selection is very similar in the electron and muon 
channels, ranging from 3% for mn — 200 GeV to about 
48% for mn = 600 GeV. 

SM pair production of Z bosons has a final state iden- 
tical to the signal, and is therefore expected to survive 
most of the applied selection criteria and form a contin- 
uum in the transverse mass distribution (defined below) . 
The normalisation for this background is obtained from 
a calculation including next-to-leading order terms [i^] 
with an additional 6% ternito account for missing quark- 
box diagrams {gg — ?■ ZZ) psj . A 11% normalisation un- 
certainty is assigned to this background, estimated from 
scale, PDF and model uncertainties. WW and WZ back- 
grounds are normalised in a similar way. 

The background from inclusive Z production is derived 
from MC, after checking that the simulation describes 
well the data in samples selected by requiring the pres- 
ence of a lepton pair. The background from top events 
is also taken from the MC prediction. This prediction 
is verified to agree with data, within systematic uncer- 
tainties, in two independent control samples; the first 
one requires at least one identified &-jet, while the second 
selects events containing electron-muon pairs. 

Additional backgrounds can arise from QCD multijet 
events or inclusive W production due to heavy flavour 
decays or jets faking leptons. The normalisation of the W 
background is obtained from the ratio between data and 
MC in control samples of like-sign electron-electron and 
electron-muon events with high E™^^^. The QCD multijet 
background in the electron channel is determined using a 
data sample based on a loosened electron selection, thus 
dominated by jets; this sample is scaled to describe the 
tails of the mu distribution. In the muon channel, the 
background from heavy flavour decays is studied using 
simulation, whereas other muon sources from multijet 
events are constrained using a sample of like-sign muon 
pairs in data. In both cases the background is found to 
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be negligible. 

The signal efficiencies and overall background expecta- 
tions are similar in the electron and the muon channels, 
therefore only combined results are presented. The num- 
bers of candidate H — >■ ZZ i'^l~vv events selected in 
data and the expected yields from signal and background 
processes are shown in Table HI 



TABLE I: The expected number of background and signal 
events for the Higgs boson search in the ¥L — >■ ZZ — >■ l'^t~vv 
channel, along with the observed numbers of candidates in 
data, for an integrated luminosity of 1.04 fb~^. The quoted 
uncertainties are statistical and systematic respectively. Sig- 
nal to background ratios are also given for various masses (see 
text). 



Source 



low mn search high mn search 



z 


19.1 ±2.6 ±0.9 


6.0 ± 1.4 ± 1.8 


w 


8.5 ±2.3 ±8.5 


3.1 ±1.0 ±3.1 


top 


29.9 ± 1.3 ±6.0 


14.9 ±0.8 ±3.1 


multijet 


0.4 ±0.4 ±0.2 


0.0 ±0.0 ±0.0 


ZZ 


17.6 ±0.4 ±2.1 


14.7 ± 0.4 ± 1.7 


WZ 


16.7 ±0.6 ±2.0 


12.1 ±0.5 ± 1.4 


WW 


12.4 ± 0.4 ± 1.5 


4.6 ±0.3 ±0.5 


Total 


104.6 ±3.8 ±16.0 


55.3 ±2.0 ±7.8 


Data 


85 


47 


m-H [GeV] 


Signal expectation s/h 


200 


5.0 ±0.1 ±0.9 


7% 


300 




10.2 ± 0.2 ± 1.8 22% 


400 




10.0 ± 0.2 ± 1.7 52% 


500 




4.5 ±0.1 ±0.8 57% 


600 




1.8 ±0.0 ±0.3 60% 



The systematic uncertainties include experimental un- 
certainties related to the selection and calibration of elec- 
trons, muons, jets and 5-jets, which are also explicitly 
propagated to the E^^^^ calculation. Shape uncertainties 
for the signal and for the single Z and ZZ backgrounds 
are estimated using PYTHIA as an alternative MC gen- 
erator. 

Normalisation uncertainties for signal (gluon fusion 
and VBF 4%) and diboson backgrounds (11%) are 
obtained from theory j25l] : uncertainties for the inclu- 
sive Z boson production (2.5%), top quark production 
(9%), inclusive W boson production (100%) and QCD 
multijet production in the electron channel (50%) are es- 
timated from data. A 3.7% luminosity uncertainty [3| is 
included for those processes for which the normalisation 
is not obtained from the data. The dominant systematic 
uncertainties in the analysis are the E^^^^ uncertainties 
for the Z background, the 6-tagging uncertainty for the 
top background and the normalisation uncertainties for 
the signal and the W and diboson backgrounds. 

After the event selection, the Higgs boson search is per- 
formed by looking for an excess of data over the SM back- 
ground expectation in the transverse mass distribution of 
the selected eeuu and fifiw events. The transverse mass 
is calculated from the lepton pair and the pr^^^^ vector 



^m| + |p-T"P + ^m|-h|p-»'-p] ' - [; 



Pt + Pt 



Figure [3] shows the tot distribution in the high toh 
search region. Signal to background ratios for different 
Toh values, determined in a tot window defined to en- 
close 95% of the corresponding signal events, are listed 
in Table n 
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FIG. 3: The transverse mass distribution of — )■ ZZ — >■ 
£^£~uu candidates in the high mn search region for the data 
(dots), the expected backgrounds (histograms) and a Higgs 
boson of mass 380 GeV (filled histogram). The electron and 
muon channels are combined. 

The number and distribution of candidate H ZZ — > 
£'^£~iyiy events observed in the data agree with the ex- 
pected backgrounds within the uncertainties, with no 
indication of an excess. Upper limits are set on the 
Higgs boson production cross section relative to its pre- 
dicted SM value as a function of toh- The limits are 
extracted from a maximum likelihood fit to the tot dis- 
tribution following the CLs modified frequentist formal- 
ism with the profile likelihood test statistic 47, 4^. All 
systematic uncertainties are taken into account. 

Figure [4] shows the expected and observed limits at the 
95% confidence level. The expected limit is lowest around 
Toh = 380 GeV where it is 1.1 times the SM Higgs bo- 
son cross section. Fluctuations in the background can 
lead to better or worse expected limits. Over the entire 
mass range the observed limits agree with the expecta- 
tions within the ±2(t band. A SM Higgs boson in the 
range 340 GeV < toh < 450 GeV is excluded at the 95% 
confidence level 

In summary, results of a search for a heavy SM 
Higgs boson with a mass in the range 200 < toh < 
600 GeV decaying to ZZ £^^£^1^^ have been presented. 
These results are based on a data sample corresponding 
to an integrated luminosity of 1.04 fb"""^, recorded with 
the ATLAS detector at the LHC. No evidence for a sig- 
nal is observed and cross section limits are placed over 
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FIG. 4: Observed and expected 95% confidence level upper 
limits on the Higgs boson production cross section divided 
by the SM prediction. The green and yellow bands indicate 
the ±1(7 and ±2a fluctuations, respectively, around the me- 
dian sensitivity. The limits are based on 1.04 fb~^ of data at 
=7 TeV. 



the entire mass range, excluding the production of a SM 
Higgs boson in the region 340 < toh < 450 GeV at the 
95% confidence level. 
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V.N. Goryachevi28, B. Gosdzik^i, M. Gossehnki"^, M.I. Gostkin^^, 1. Gough Eschrichi*^'^ M. Gouighrii-'*-"^^, 

D. Goujdamii-'^-"^'=, M.P. Goulette4^ A.G. Goussiou^s, C. Goy*, I. Grabowska-Bold^'^-'^'f, V. Grabski^^^ 

P. Grafstr5m29, C. Grahi^*, K-J. Grahn^i, F. Grancagnolo^2a^ Grancagnolo^^ V. Grassi"^ V. Gratchevi2i, 
N. Grau34, jj Gray29, J.A. Gray"^ E. Grazianii-^4% O.G. Grebenyuki2i, D. Greenfieldi29, T. Grcenshaw^^^ 
Z.D. Greenwood24.'", K. Gregersen^^, I.M. Gregor^i, P. Grenier"^, J. Griffithsi^s, N. Grigalashvili^^ A.A. GriUo^^^, 
S. Grinstcin", Y.V. Grishkevich^^, J.-F. Grivaz"^ J. Grognuz^'', M. Groh^^ E. Gross^^i, J. Grosse-Knettcr'"^'', 
J. Groth-.Jenseni^i, K. Grybel"i, V.J. Guarino^, D. Gucst^^^^ C. Guicheney''-\ A. Guida72a,72b^ rj, Q^^m^yj^iy^i ^ 
S. Guindon^^ H. Gulcr^S'", J. Gunthcri25, B. Guol5^ J. Guo^*, A. Gupta^o, Y. Gusakov^^ V.N. Gushchini28, 
A. Guticrrez'^^ P. Guticrrez"\ N. Gnttmani'^-\ O. GntzwiUcri^2_ q Giiyoti-^^ C. Gwcnlan"^ C.B. Gwilliam^^^ 
A. Haas"3, S. Haas^^, C. Haber", R. Hackcnburg^^, H.K. Hadavand-''' , D.R. Hadley^^ P. Haefner'^", F. Hahn29, 
S. Haider29, Z. Hajduk^s, H. Hakobyan^^e^ Hallcr^^^ ^ Hamachcri^*, P. Hamal"^, A. Hamihon^s, 
S. Hamiltoniei, H. Han32a, L. Han32b, K. Hanagaki"^ M. Hance^^o, C. Handel^\ P. Hanke^*^^, J.R. Hansen^s, 
J.B. Hansen^s, J.D. Hansen^^, P.H. Hansen^^, P. Hansson^^^ K. Hara^^o, G.A. Hare"7, T. Harenbergi'^'', 
S. Harkusha''", D. Harper**^, R.D. Harrington2i, Q.M. Harris^'''^, K. Harrison^^, J. Hartcrt''*^, F. Hartjes^o^, 
T. Haruyama^^ A. Harvey^^ S. Hasegawaioi, Y. Hasegawa"o, S. Hassanii^e, M. Hatch29, D. HaufP^^ S. Haug^e, 
M. Hauschild29, R. Hauser^^ M. Havranek20, B.M. Hawes"^ CM. Hawkes^^ R.J. Hawkings29, D. Hawkins^'^^, 
T. Hayakawa^^, D Haydcn^^ H.S. Hayward^^ S.J. Haywoodi29, E. Hazen2i, M. Re^^'^, S.J. Hcad^^ V. Hedberg^^, 
L. Heelan^ S. Heim^s, B. Heinemann", S. Heisterkamp^s , L. Helary^, M. Heller^^, S. Hellmani^Sa.ueb^ 

D. Hellmich^o, C. Helsens^i, R.C.W. Henderson^i, M. Henke^S'^, A. Henrichs^^, A.M. Henriques Correia^^, 

S. Hcnrot-Versille^-'^^, F. Henry-Couannier*^'', C. Hensel"''*, T. HenB-'^''^, C.M. Hernandez^, Y. Hernandez Jimenez^^'', 
R. Herrbergis, A.D. Hershenhorni52, G. Herten^^, R. Hertenberger^^, L. Hervas^^, N.P. Hesseyl°^ A. Hidvegi"*^^, 

E. Higon-Rodriguez^'^'', D. HilP-*, J.C. HilP^, N. Hill^, K.H. Hiller'^\ S. Hillert^o, S.J. Hillier^^ I. Hinchliffe", 
E. Hinesi20, M. Hirose"^ F. Hirsch42, D. Hirschbuehli^^^ Hobbs"^ N. Hod^^^^ ^ Hodgkinsoni^s, 

P. Hodgsoni39, A. Hoecker29, M.R. Hoeferkampio^, J. Hoffmanns, D. HofltmannS^, M. Hohlfeld^i, M. Holder^i, 
S.O. Holmgreni46a^ rp Hoiyi27^ j l Holzbauer8^ Y. Homma^^, T.M. Hongi20, L. Hooft van Huysduynenlo^ 
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T. Horazdovskyi27^ C. Rorn^*^, S. Horncr^s, K. Horton"^^ J-Y. Hostachy^s, S. Houi^i, M.A. Houlden^^ 
A. Hoummadai-'''^^, J. Howarth*^ D.F. Howell^^^, I. Hristova l^ J. Hrivnac"^ I. Hruska^^s^ Hryn'ova"^, 
P.J. Hsui7\ S.-C. Hsui4, G.S. Huang"!, Z. Hubaceki27, p. Hubaut^^, F. Huegging^o, T.B. Huffmaniis, 

E. W. Hughcs34, G. Hughcs^i, R.E. Hughes- Jones82, M. Huhtinen29, P. Hurst^^, M. Hurwitz", U. Husemann^i, 
N. Huseynov^s.", J. Huston^s, J. Huth", G. lacobucci''^ G. lakovidis^, M. Ibbotson82, 1. Ibragimov^i, 

R. Ichimiya*^^, L. Iconomidou-Fayard"^, J. Idarraga^^^, M. Idzik^^, P. Iengo!°2a,i02b^ q. Igonkinal°^ Y. Ikegami^^^ 

M. Ikcno^e, Y. Ilchenko^^, D. Iliadisi54, D. Imbault^s, M. Imhaeuseri^"^ ]y[ Imori^^^, T. Ince^", J. Inigo-Golfin^", 

P. loannou^, M. Iodicei34a^ q lonescu'', A. Irles Quiles^'^^, K. Ishii^e, A. Ishikawa^^, M. Ishino'^^ 

R. Ishmukhametov^^, C. Issever"^, S. Istin^^*, A.V. Ivashin^^s^ ^^ Iwanski^^, H. Iwasaki'^^, J.M. Izen^°, 

V. Izzoi°2a^ B. Jacksoni20, J.N. Jackson^^^ P. Jackson"3, M.R. JaekcP^, V. Jain^i, K. Jakobs'*^ S. Jakobsen^^, 

J. Jakubeki27^ d.K. Jana"\ E. Jankowski^^^, E. Jansen^^ A. Jantsch3^ M. Janus^o, G. Jarlskog™, L. Jeanty^'^, 

K. Jelen^^, I. Jen-La Plante^o, P. Jennies, A. Jeremie^, P. Jez^^^^ S. Jezequel*, M.K. Jha^^^, H. Ji^^^ W. Ji^S 

J. Jial4^ Y. Jiang32b^ M. Jimenez Belenguer^i , G. Jin^^^, S. Jin^^'', O. Jinnouchiis^^ M.D. Joergensen^^, D. Joffe^^, 

L.G. Johansen", M. Johanseni46a,i46b^ g Johanssoni^Sa^ p_ Johanssoni^s, S. Johnert''\ K.A. Johns^, 

K. Jon-And"6aa46b^ q jones^^^ R.W.L. Joncs'^i, T.W. Jones^^, T.J. Jones^^ O. Jonsson^^, C. Joram^^, 

P.M. Jorgci24a,fc^ J. Josephi4, T. Jovini^b^ x. Ju^'''", V. Jurancki^s, P. JusseF^ A. Juste Rozas", 

V.V. Kabachenkoi28, s. Kabana^^, M. Kacii^^^ A. Kacznlarska=^^ P. Kadlecik^^, M. Kado"^ H. Kagan^o^, 

M. Kagan", S. Kaiser^^, E. Kajomovitzi52, S. Kalinini^^, L.V. Kalinovskaya^^^ S. Kama^^^ N. Kanaya^^s^ 

M. Kaneda29, T. Kannoi^^^ V.A. Kantserov^^, J. Kanzaki^^, B. Kaplan^^^^ A. Kapliy^o, J. Kaplon^^, D. Kar^^ 

M. Karagoz^^^, M. Karnevskiy^i, K. Karr^, V. Kartvelishvili'^\ A.N. Karyukhin^^s^ l_ Kashif^^^^ a. Kasmi^^, 

R.D. Kass^^^, A. Kastanas^^, M. Kataoka"^, Y. Kataoka^^^, E. Katsoufis^, J. Katzy*\ V. Kaushik*^, K. Kawagoe*^^, 

T. Kawamotoiss^ G. Kawamura^i, M.S. Kayl^o^^ V.A. Kazaninio^, M.Y. Kazarinov^s, J.R. Keates^^, R. Keeleri^s, 

R. Kehoe^s, M. Keil^^, G.D. Kekelidze'5^ M. Kelly*^^ J. Kennedy^^, C.J. Kenney"^^ M. Kenyon^^^ q Kepka^^s, 

N. Kerschen^s, B.P. Kersevan^^, S. Kersten^^^^ K. Kessoku!5^ C. Kettercr^s, J. Keung^^s^ ^ Khakzad^^, 

F. Khalil-zada^o, H. Khandanyan^ss^ a. Khanov"^ D. Kharchenko^^, A. Khodinov^^ A.G. Kholodenkoi^s^ 

A. Khomich'"^*^^, T.J. Khoo^^, G. Khoriauli^o, A. Khoroshilov^^^, N. KhovanskiyS^ V. Khovanskiy9^ E. Khra^lov6^ 
J. Khubua^i*^, H. Kim^ M.S. Kim^, P.C. Kim"^, S.H. Kim.^^°, N. Kimura^™, O. Kindl^ B.T. Kings's, M. King^^, 
R.S.B. King"^ J. Kirki^f, L.E. Kirsch^^, A.E. Kiryunin^^, T. Kishimoto^^, D. Kisielewska^^, T. Kittelmanni^s ^ 
A.M. Kiveri28, E. Kladiva"'"', J. Klaibcr-Lodewigs''^ M. Klein^^^ U. Klein^^^ K. Kleinknecht*^\ M. Klemetti^^ 

A. Klieri^i, A. Klimentov^^, R. Klingcnbcrg42, E.B. Klinkby^^, T. Klioutchnikova^^, P.F. Klokio^, s. Klous!°^ 
E.-E. Kluge^s^^, T. Kluge^^^ P. Kluitlo^ S. Kluth^^, N.S. Kncchtl5^ E. Kneringer^^, J. Knobloch^^, 

E.B.F.G. Knoops*^^^ A. Knue^*^ g j^q44^ rj. Xobayashii^^ M. KobeF, M. Kocian"3, A. Kocnar"^ P. Kodys^^e, 
K. K6neke29, A.C. Konigio^^ s. Koenig^i, L. Kopke^i, F. Koetsveldio^, P. Koevesarki^o, T. Koffas^s, 
E. Koffcmanlo^ F. Kohn^*^ 2. Kohouti^^^ t. Kohriki^e, T. Koi^^^^ T. Kokott^o, G.M. Kolacheyio^ H. Kolanoskii^ 
V. Kolesnikov^s, I. Kolctsou^^^, J. KoU^^ D. Kollar^^, M. Kollefrath*^ S.D. Kolya^^^ ^.A. Komar^^, Y. Komorii^s^ 
T. Kondo^e, T. Kono^i^P, A.I. Kononov^s, R. Konoplichios,?^ n. Konstantinidis^"^, A. Kootzi^"^ g_ Koperny^^, 
S.V. Kopikovi28, K. KorcyP*^, K. Kordasi'"^'', V. Korcshcvi^s. A. Korn"^ A. Koroli"^ I. Korolkov". 

E. V. Korolkovai39, V.A. Korotkoyi^s, Q. Kortncr'^", S. Kortncr^^^ y y_ Kostyukhin^", M.J. Kotaiiiaki^o, S. Kotov9^ 
V.M. Kotov'^^ A. Kotwal44, C. Kourkoumclis^ V. Kouskourai'"^"^ a. Koutsmanl"^ R. Kowalcwskii^s, 

T.Z. Kowalski^^ W. Kozancckii^B, A.S. Kozhini^s, V. Kral^^^^ y.A. Kramarcnko"^, G. Krainbcrgcr^^^ 

M.W. Krasny^'^, A. Krasznahorkay"'*, J. Kraus'^^, A. Kreiscl^''^-^ F. Krcjci^^y^ j Krctzschmar^'\ N. Kricger^"^ 

P. Kriogcri-'^^, K. Kroeninger^", H. Kroha9^ J. Kroll^^o^ j Kroseberg^o, J. Krstic^^a^ u. Kruchonak6^ H. Kriiger^o, 

T. Krukci-is, Z.V. Krumshtcyn^s, A. Kruth^o, T. Kubota*^^^ g_ Kuehn^^, A. Kugel''^^'=, T. Kuhl^i, D. Kuhn62, 

V. Kukhtin^^, Y. Kulchitsky^", S. Kulcshov^i'', C. Kummcr^^, M. Kuna^^^ N. Kundull^ J. Kunklei20, A. Kupcoi25^ 

H. Kurashigc^^, M. Kurata^^o, Y.A. Kurochkin^o, V. Kusi25, W. Kuykcndall^^s^ Kuze^^^ P. Kuzhir^i, 

J. Kvita29, R. Kwceis, A. La Rosai^2^ l_ Rotonda^Sa.seb^ L_ Labarga^", J. Labbe'^, S. Lablak^^Sa^ c. Lacasta^^^, 

F. Lacavai32a,i32b^ jj_ Lacker!^ D. Lacour^^^ y.R. Lacucstai^^^ E. Ladygin^^ R. Lafaye"*, B. Laforge^^, 

T. Lagouri*°, S. Lai^^, E. Laisne^^, M. Lanianna20, C.L. Lampen^, W. Lampl^, E. Lancon^e^ U. Landgraf'^, 

M.P.J. Landon7^ H. Landsmani52, J.L. Lane82, C. Langc^i, A.J. Lankford^^^^ F. Lanni24, K. Lantzsch29, 

S. Laplace^^, C. Lapoire20, J.F. Laporte^^^, T. Lari^^'^, A.V. Larionov ^28^ a. Larner"^^ c. Lasseur29, M. Lassnig29, 

P. Laurelli'^'^, A. Lavorato"®, W. Lavrijscn^'^, P. Laycock'^^^ a.B. Lazarev'^''', O. Le Dortz'^^^ e. Le Guirriec^^^ 

C. Le Maneriss, e. Le Menedeu^^e, c. LebeP^^ T. LeCompte^, F. Ledroit-GuillonSS, H. Lee^o^, J.S.H. Leei^o, 

S.C. Lee^^i, L. Leel^^ M. Lefebvre^^^ M. Legendre^e, A. Leger^^, B.C. LeGeyt^^o, F. Legger^^^ C. Leggettl^ 

M. Lehniacher20, G. Lehmann Miotto29, X. Lci^, M.A.L. Leite23d, R. Leitner!26^ ^ Lellouchi'^i, M. Leltchouk^^, 

B. Lemmer54, V. Lendermann^Sa, K.J.C. Leney"^'^, T. Lenzio^, G. Lenzenl7^ B. Lenzi29, K. Leonhardt^s, 

S. Leontsinis^, C. Leroy^^, J-R. Lessard^^^, J. Lesser^^^^, C.G. Lester^'^, A. Leung Fook Cheong!''2, J. Leveque'*, 
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D. Levin*^, L.J. Levinson^^^ M.S. Lcvitski^^s^ Lcwandowska^i, A. Lewis"*, G.H. Lcwis^o*, A.M. Leyko^^, 
M. Leytonl^ B. LP^ jj_ Lji72^ g_ L^b.d^ ^ ^^87^ ^ Liang^^, Z. Liang"*>^ H. Liao^^ B. Liberti"^'', P. Lichard^^, 
M. Lichtnecker^s, K. Lie^^s^ ^ Liebig^^, R. Lifshitz^s^ J.N. LiUey^^, C. Limbach^o, A. LimosaniSB, M. Limper^s, 
S.C. Lini5i>«, F. Lindeios^ J.T. LinncmannSS , E. Lipeles^^o, L. Lipinskyi^s, A. Lipniackai^, T.M. Liss^^s, 

D. Lissauer24, A. Lister^^, A.M. Litke"7, C. Liu^^, D. Liui^i-*, H. Liu^^ J.B. Liu^^ M. Liu^^^, S. Liu^, Y. Liu^^b^ 
M. Livan"9'^'"9b^ g.s.A. Livermore"^ A. Lleres5^ J. Llorente Merino^o, S.L. Lloyd^^ E. Lobodzinska^S P. Loch^, 
W.S. Lockmani37^ T. Loddenkoetter^o, F.K. Loebinger^^, A. Loginovl^^ C.W. Loh^^^, T. Lohsci^, K. Lohwasser^^, 
M. Lokajiceki25, J. Loken "^ V.P. Lombardo'', R.E. Long^\ L. Lopcsi24a,fc^ L^p^^ Mateos'", M. Losada^^^ 

P. Loscutoffi^, F. Lo Sterzoi32a,i32b^ j^j j_ Losty^^^'^, X. Lou"", A. Lounis"^, K.F. Loureiro^^^ J. Love^i, 

P.A. Love^'i, A.J. Lowe"3'/, F. Lu^^a^ j Lubatti^^s, C. Luci"2aa32b^ ^_ Lucottc^^, A. Ludwig'^^ D. Ludwig*\ 

L Ludwig4^ J. Ludwig^^, F. Luehring^i, G. Luijckxio^, D. Lumb^^, L. Luininarii32a^ e. Lund"^ 

B. Lund-Jenseni^^ B. Lundberg^^^ J. Lundberg"6a,i46b^ j Lundquist^^, M. Lungwitz^S A. Lupii22a,i22b^ 
G. Lutz99, D. Lynn24, J. Lys", E. Lytken^^, H. Ma24, L.L. Ma^"^"^, J.A. Macana Goia^^, G. Maccarronc^^, 

A. Macchiolo^'^, B. Macek^'', J. Machado Miguensi24a^ ^ Mackeprang^^, R.J. Madaras", W.F. Madcr''^, 
R. Maenner'^*'=, T. Maeno^^, P. Mattig^''^, S. Mattig*\ L. Magnom29, E. Magradze^^, Y. Mahalaloli'^^^ 

K. Mahboubi^s, G. Mahout", C. Maiani"2a,i32b^ q Maidantchik23a, A. Maioi24a,fc^ s. Majewski24, Y. Makida^^^ 
N. Makovec"^ P. Mal^, Pa. Malecki^s, P. Malecki^^, V.P. Maleevi2i, F. Malek^s, U. Mallik63, D. Malon^ 

C. Malone"3, S. Maltezos^, V. Malyshev^o^ S. Malyukov29, R. Mameghani9^ J. Mamuzic^^b^ a. Manabe6^ 
L. Mandelli^^'^, L Mandic'^'', R. Mandryschl^ J. Maneirai24a^ p g^ Mangeard^^, LD. Manjavidze6^ A. Mann^^, 
P.M. Manningi37^ ^_ Manousakis-Katsikakis^, B. Mansoulie"'', A. Manz^^, A. Mapelli29, L. Mapelli29, L. March 
J.F. Marchand^^, F. Marchese"^'''^^^'', G. Marchiori'^®, M. Marcisovsky^^^, A. Marin2i'*, CP. Marino^\ 

F. Marroquim23a^ R. Marshall*^2^ 2. Marshan29, F.K. Martens^^s^ S. Marti-Garciai^^^ A.J. Martin"^ B. Martin29, 

B. Martin8^ F.F. Martini20, J.R Martin^^^ pj^. Martin^^^ T.A. Martin^'^, V.J. Martin4^ B. Martin dit Latour^^^, 
S. Martin-Haugh^*^, M. Martinez^\ V. Martinez Outschoorn^'^, A.C. Martyniuk^2^ ^ Marx^2^ p Marzano"2a^ 

A. Marzin"!, L. Masetti^^, T. Mashimoi^^, R. Mashinistov''^ , J. Masik^2^ Maslennikov^o'^, I. Massa^^^^'i^b^ 

G. Massarol°^ N. Massol-*, P. Mastrandrea"2a,i32b^ ^ Mastroberardino^^^'^Sb^ T. Masubuchi^'^s^ M. Mathes20, 
P. Matricon"^, H. Matsumoto^^^, H. Matsunaga^^^, T. Matsushita^'^, G. Mattravers"^'^ J.M. Maugain29, 
S.J. Maxfield''^, D.A. Maximoyio^ E.N. May^ A. Maync^^a, R. Mazini^^i, M. Mazur2", M. Mazzanti^''^, 

E. Mazzonii22a,i22b^ g p^ Kee^^, A. McGarni'^s^ R.L. McCarthy^^s, T.G. McCarthy28, N.A. McCubbini29, 
K.W. McFarlane5^ J.A. Mcfaydcn^-''^ H. McGlone^^^ G. MchedUdze^ib, R.A. McLaren29, T. Mclaughlan^^ 
S.J. McMahoni29, R.A. McPhcrsonif^s^fe, A. Mcade^^, J. Mechnichios^ M. Mechteli^^^ M. Medinnis^i, 

R. Mcera-Lcbbaii", T. Mcguro^f', R. Mchdiycv^^^ S. Mchlhasc^^, A. Mehta^^ K. Meier^*^^, J. Mcinllardt''^ 

B. Mcirosc^^ C. Mclachrinos^o, B.R. Mcllado Garcia"2^ p. Mcndoza Navasi62^ 2. Meng^^i'*, A. Mcngarelli^^'''^^^, 
S. Mcnke''^ C. Menot29, E. Meoni", K.M. Mercurio^^ P. Mcrmod"^ L. Mcrolai02a,i02b^ q Meroni^s^, 

F. S. Mcrritt^o, A. Messina29, J. Metcalfcl"^ A.S. Mete^"', S. Mcuser20, C. Mcycr^i, J-P. Meyer^^e, J. Meyer^^^^ 
J. Mcycr-^4^ ^p ^ Meycr29, W.T. Meyer^^, J. Miao32d, S. Michal29, L. Micu25^, R.P. Middlctoni29, p. Micle29, 
S. Migas^'\ L. Mijovic^'i, G. Mikcnbcrgi^\ M. Mikcstikovai25, M. Miknz^'', D.W. Miller"^", R.J. MiUcr^^ 

W.J. Mills^'^'^, C. Mills'", A. Miloyi^i, D.A. Milstcad"^'''''"^'^', D. Milstcini^\ A.A. Minaonko^28^ j^.p Mihano^^^ 

LA. Minashvih^^ A.L Minccrlo^ B. Mindur^^, M. Minccv^^ Y. Ming^'^", L.M. Mir", G. Mirabelhi32a^ 

L. Mirallcs Verge", A. Misiejuk^^ J. Mitrevski^'^^ G.Y. Mitrofanovi28^ V.A. Mitsoui^^, S. Mitsni*^'^ 

P.S. Miyagawai39, K. Miyazaki'^^ J.U. Mjornmark^'', T. Moa"6a,i46b^ p^ Mocketti=^«, S. Moed'", V. Mocller27, 

K. M5nig4i, N. M6ser20, S. Mohapatra"^ W. Mohr^^, S. Mohrdieck-Mock'^s, A.M. Moisscevi28.*, R. Moles- Valls^^^, 

J. Mohna-Perez29, J. Monk'^^ E. Monnier^^^ S. Montesano*^^'*^^'', F. Monticelh™, S. Monzani^'^^'i^'^, R.W. Moore2, 

G. F. Moorhead^^ C. Mora Herrera'*'', A. Moraes^^, N. Morangei^e, J. Morel^*^ q Morello36a,36b^ p,^ Moreno*\ 
M. Moreno Llaceri*^'^ P. Morcttini-^"'\ M. Morii", J. Morin^'\ Y. Morita^^ A.K. Morley29, G. Mornacchi29, 
S.V. Morozov^e, J.D. Morris^^ L. Morvajio\ H.G. Moser^^, M. Mosidze^i^^, J. Moss^o^ R. Mount"3^ 

E. Mountricha"6, S.V. Mouraviev^*, E.J.W. Moyse*^^, M. Mudrinici2b^ F. Mueller^^^, J. Muelleri23^ K. Mueller20, 
T.A. MiiUer'^^ D. Muenstcrmann29, A. Muiri^s^ y. Munwes^^^^ W.J. Murrayi29, L Musscheio^ E. Musto^^^'^'^o^'^, 
A.G. Myagkovi28, M. Myskai25, J. Nadal", K. Nagai^™, K. Nagano^^^ Y. Nagasaka^o, A.M. Nairz29, 

Y. Nakahama^s, K. Nakamura^ss, L Nakano"°, G. Nanava^o, A. Napieri^i, M. Nash^''-^ N.R. Nation2i, 

T. Nattermann20, T. Naumann^i, G. Navarroi62^ R.A. Neal^^", E. Nebot^", P.Yu. Nechaeva^*, A. Negri"^'^'"^^, 

G. Negri29, S. Nektarijevic^^ A. Nelson64, S. Nelson"3, t.K. Nelson^^a^ g_ Nemeceki25, p. Nemethyio^, 

A.A. Nepomuceno^^'^, M. Nessi^^-", S.Y. Nesterov^^i^ m.S. Neubauerl6^ A. Neusiedis\ R.M. Nevesl°^ P. Nevski^^, 

P.R. Newman", V. Nguyen Thi Hong^^e^ 3^ Nickerson"^, R. Nicolaidou"'^, L. Nicolas"^, B. Nicquevert29, 

F. Niedercorn"5^ J. Nielseni^^, t. Niinikoski29, N. Nikiforou^^, A. Nikiforov^^ V. Nikolaenko^28^ Nikolaev'^^ 
I. Nikolic-Audit^^ K. Nikolics^^^ K. Nikolopoulos^*, H. Nilsen4^ P. Nilsson^ Y. Ninomiya A. Nisati^^^a^ 
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T. Nishiyama^'^, R. Nisius''^ L. Nodulman^ M. Nomachi"*^, I. Nomidis^^'', M. Nordbcrg^^, B. Nordkvisti'^^^'i'''^'', 

P.R. Nortoni29, J. Novakova^^e^ Nozaki^^ M. Nozicka'^S L. Nozka"^ I.M. Nugcnt^^^^, A.-E. Nuncio-Quiroz^o, 

G. Nunes HanningerSe, T. Nunnemann^s, E. Nurse^^, T. Nyman^^, B.J. O'Brien^s, S.W. O'Nealei^-*, 
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